To evaluate the effects on growth of inhaled corticosteroid treatment (ICT) and of the quality of control of asthma, height velocity was studied in 58 prepubertal children attending a specialist asthma clinic because of chronic asthma that was difficult to control. The height velocity standard deviation (SD) score was maximal when the asthma was well controlled both before (0-01) and after (-0.07) starting ICT. It was least when the asthma was poorly controlled both before (-1-50) and after (-1-55) starting ICT. The effectiveness of control correlated significantly with the height velocity SD score, both before and after ICT was started. No evidence was found that the administration of ICT has an adverse effect on growth.
Inhaled corticosteroid treatment (ICT) has been used to treat moderate to severe asthma since the early 1970s,' 2 the two drugs most commonly used in the UK are beclomethasone dipropionate and budesonide. Occasional minor side effects such as oral thrush, dysphonia, and hoarseness have been reported. 1 3 Adrenal suppression has been observed in patients on ICT, but the dose at which this occurs varies. Some investigators have noted evidence of adrenal suppression in patients on conventional doses of ICT,4 5 while others have found adrenal dysfunction only with higher than conventionally recommended doses.' 6 Growth retardation in severe childhood asthma was described long before the introduction of ICT79; it also occurs as a complication of long term systemic corticosteroid treatment for asthma.'0 11 The effect of ICT on linear growth, is however, controversial. 3 [12] [13] [14] This study evaluated the effects of ICT and the severity of asthma on linear growth in prepubertal children with severe chronic bronchial asthma, many of whom were poorly controlled despite higher than conventionally recommended doses of ICT.
Patients and methods
The growth of 58 children (38 boys and 20 girls) with chronic asthma was followed up for a mean duration of 4f9 years (range 2-6-9-4 years).
The children studied were suffering from recurrent or chronic asthma, which was sufficiently severe to require regular hospital review that included assessment of their growth. To avoid pubertal influences, growth was studied in boys until the 11th birthday and in girls up to the 10th birthday. The mean age of entry into the study was 3 5 years for boys and 4-4 years for girls. The mean age of exit from the study was 9 years for boys and 7 5 years for girls.
Each child was treated initially with 2 receptor stimulants, theophylline, and/or sodium cromoglycate for a mean duration of 1 8 years (range 1-6'5 years). Because of inadequate control of interval symptoms the children were then started on ICT (budesonide or beclomethasone dipropionate). The selection of drug was based on the type of inhalation device which the patient was best able to use: budesonide was generally given by a large spacer (Nebuhaler, Astra) whereas beclomethasone dipropionate was generally given by metered dose inhaler or dry powder inhaler (Rotahaler, Allen and Hanburys). To achieve rapid control of the asthma ICT was usually started at a dose of 400 [tg per day that was then adjusted (usually downwards) at regular intervals depending on the response to treatment. In most patients satisfactory control was attained rapidly on ICT given in a dose of 400 ,tg or less per day, and the patient was discharged from further review. The patients in the present study are those in whom satisfactory control of symptoms was harder to achieve, who commonly required higher doses of ICT, and who therefore required long term review. In the patients studied the median dose of ICT was 800 ,tg (range 200-1600 ,ug); treatment with sodium cromoglycate was suspended once ICT was commenced. The children were then followed up for a mean duration of 2-7 years (range 1-5 -years).
Height velocity was calculated and expressed as height velocity standard deviation (SD) scores according to age using the formula:
Height velocity Height velocity-mean height velocity for age SD score -SD of height velocity for age
After calculating the height velocity SD score the values were centralised on the point at which ICT was commenced and, because of the non-normal distribution of the values, geometric means were calculated for each patient before and after starting ICT. Analysis of variance was used to evaluate the effect on growth of sex and asthma control before and after the administration of ICT. Correlation coefficients were used to evaluate the relationships between asthma control, sex, and height velocity SD score before and after starting ICT.
Results
The 58 children had a mean height velocity throughout the period of observation of -0-54 (range -4-20 to +2 90). The rate of growth for girls was less than that of the boys though the difference between the means was not statistically significant (table 2) . From tables 3 and 4 it is apparent that subjects whose asthma was well controlled grew well whereas those subjects whose asthma was badly controlled grew poorly, regardless of whether or not they were receiving ICT. Height velocity SD score correlated negatively with control of asthma both before and after commencing ICT (table 5) but not with the dosage of ICT used. The height velocities of the 16 children on whom we had growth data for more than two years both before and after starting ICT were considered separately on a year by year basis; there was no change in height velocity after starting ICT.
Discussion
The use of inhaled steroids is firmly established as one of the mainstays in the maintenance treatment of children with moderate and severe asthma.1-3 The currently accepted indication for long term use of ICT is the presence of chronic asthma that is not adequately controlled by non-steroidal drugs. In most children adequate control of asthma can be obtained with doses between 100 and 600 [ig per day.'5 The therapeutic effects of ICT are, however, dose dependent'6 and it may occasionally become necessary, as in the majority of children in this study, to increase the dosage to achieve optimum control of the asthma.
Although Littlewood et al concluded that ICT produced growth impairment in asthmatic children,'3 many of their patients were of an age when pubertal changes would be expected to be influencing growth. Balfour-Lynn has shown that asthma is associated with a relative deceleration of growth in later childhood leading to delayed puberty. 12 In our study pubertal influences were avoided by studying boys only until the 11th birthday and girls until the 10th birthday. Objective measurements on the pubertal status of the children were not made, though the ages at exit (mean 9 years for boys and 7-5 years for girls) would make it unlikely that pubertal changes played a significant part.
The 58 children in this study, whose asthma was frequently poorly controlled, tended to show relative growth impairment both before and after they were commenced on ICT, a previously observed phenomenon.17
Of the possible influences on growth that we studied, the only factor with a significant effect was the quality of control of the asthma. The linear growth of children with poorly controlled asthma was significantly slower than in those whose asthma was well controlled, a finding which was observed both before and after starting ICT (tables 3 and 4) . The dose of ICT did not correlate with height velocity SD score (table 5) and although girls showed slightly more growth impairment than boys, the difference was not significant.
In this study it was apparent that whereas the control of the asthma had a major effect on growth, ICT had no such effect. This finding is in keeping with the observation long before ICT was introduced that childhood asthma is associated with growth impairment,7-9 a finding which has been related to both the severity of the asthma'8 and to the existence of the atopic state. 17 We have therefore been unable to demonstrate any adverse effect of ICT on growth; when growth impairment occurs in an asthmatic child this is more likely to reflect poor asthma control than the administration of ICT.
